1
The GRIK2 gene encoding the GluK2 subunit of the kainate receptor has been linked to several 
52
We demonstrate that GluK2-containing kainate receptors regulate corticostriatal synapses by 53 mobilizing endocannabinoids (eCBs) from direct pathway Spiny Projection Neurons (SPNs).
54
Synaptic activation of GluK2 receptors during trains of synaptic input causes short-term synaptic 55 depression demonstrating a novel role for these receptors in regulating striatal circuits.
56
Introduction:
57
Plasticity at corticostriatal synapses is regulated by endocannabinoids (eCBs), lipophilic 58 signaling molecules that inhibit transmitter release by activating the presynaptic CB1 receptor 59 (Gerdeman et al., 2002; Lovinger, 2007) . The striatum is the input nucleus of the basal ganglia 60 and receives convergent excitatory cortical and thalamic input. Outputs of the basal ganglia in 61 turn reciprocally regulate cortical activity via ascending projections to thalamocortical neurons 62 (Alexander et al., 1986) . The basal ganglia play key roles in regulating voluntary movement and 63 instrumental conditioning-alterations in corticostriatal plasticity produce changes in these 
69
Kainate receptors, in contrast to the structurally similar AMPA receptors, fulfill a more varied 70 range of synaptic and extrasynaptic roles (Contractor et al., 2011) . The receptors assemble as 71 hetero-tetramers from combinations of the GluK1-5 subunits encoded by the Grik1-5 genes, and 72 are named for their sensitivity to kainic acid, while lacking affinity for α-amino-3-hydroxy-5-73 methyl-4-isoxazolepropionate (AMPA) and N-methyl-d-aspartate (NMDA) (Dingledine, 1991) .
74
They are localized to postsynaptic densities in only a small subset of synapses where they 
82
Recently, we demonstrated that mice lacking genes encoding all five subunits of the kainate 
88
showed changes in properties of corticostriatal synaptic transmission and alterations in synapse 89 density in SPNs (Xu et al., 2017) . However, it remained unclear whether these changes were 90 adaptive changes due to a loss of kainate receptors during development or whether ongoing 91 kainate receptor activity in the mature circuit contributes to striatal function. In the current work
92
we have proposed to establish whether, in fact, there is an ongoing role for kainate receptors at 93 corticostriatal synapses.
95
GluK2 is the primary subunit that is expressed in the principal striatal cell type, the Spiny
96
Projection Neuron (SPN) (Chergui et al., 2000) . GluK2 knockout mice display elevations in 
104
There are two distinct types of SPNs in the striatum: "direct" pathway dopamine D1 receptor-
105
expressing SPNs (dSPNs) that project directly to the substantia nigra and "indirect" dopamine 106 D2 receptor expressing SPNs (iSPNs) that project to the globus pallidus, which inhibits the 107 substantia nigra (Surmeier et al., 2014 
137
Mice with germ line transmission were further bred with EIIa-Cre transgenic mice (Jackson
138
Laboratory Stock #003724) to remove the neomycin cassette.
139
D1-cre;Grik2f/f mice were generated by intercrossing mice homozygous for the floxed Grik2 
143

Slice Procedure and Electrophysiological Recording
144
Parasagittal slices containing the dorsal striatum (250μm) were prepared using techniques 145 modified from those previously described (Xu et al., 2017 
162
(mEPSCs) were recorded in the presence of bicuculline (10 μM) and 1μM tetrodotoxin (TTX).
163
The amplifier output and stimulus isolator was controlled using pClamp9 software. Series 164 resistance (R s ) was monitored using a 10mV hyperpolarizing step preceding each evoked 
177
Data Analysis
178
Statistical analyses were conducted with Microsoft Excel, OriginPro9.0, and MATLAB software.
179
Semi-automated analysis of mEPSCs was performed using the template matching algorithm in
180
Stimfit software (Guzman et al., 2014) . Depression during time series experiments, or paired 181 pulse ratio changes, were analyzed by comparing the mean EPSC amplitude and paired pulse 182 ratio 10-15 minutes after beginning kainate application with the baseline using a non-parametric
183
Wilcoxon signed rank test for each group. Comparisons between two groups were made using a
184
Wilcoxon rank sum test. Differences were considered significant when p < 0.05. Data are shown 185 as mean ± SEM.
186
Results
187
Kainate receptors mobilize eCBs in dSPNs
188
To determine how acute activation of kainate receptors influences corticostriatal synaptic 189 transmission, we made recordings from striatal direct pathway SPNs (dSPNs) using BAC 
203
ANOVA, F = 6.051, Figure 1E ).
204
To further confirm the effect of activation of kainate receptors on release probability at striatal 
264
To further test whether kainate-mediated EPSC depression involved activation of G-protein 265 
281
The DAG-L enzyme can be activated in a Ca 2+ dependent manner to mobilize 2-AG (Kondo et 
293
As we had found that kainate receptor activation mobilizes 2-AG we wanted to determine
294
whether Group 1 mGluR activation linked to the same signaling pathway. In the striatum, mGluR 
308
Postsynaptic GluK2 containing kainate receptors mobilize 2-AG in dSPNs 309
The GluK2 subunit is required for functional kainate receptor expression in the mature striatum, 
320
Additionally, we found that D1-Cre;Grik2f/f;Ai9 mice lacked significant KA mediated EPSC 321 depression in response to 100 nM KA, and also lacked a consistent increase in the paired pulse 
329
We also observed a higher baseline paired pulse ratio in the D1-Cre;Grik2f/f mice, which could
330
indicate adaptive changes at the corticostriatal synapse to compensate for the loss of GluK2
331
containing receptors in dSPNs (p = 0.010, n = 12 cells, 9 animals (D1-Cre;Grik2f/f), n = 9 cells,
332
5 animals (D1-Cre;Grik2 wt/wt mice), Wilcoxon rank sum).
333
Synaptic activation of kainate receptors inhibits corticostriatal synapses in dSPNs 334
To determine if dSPN kainate receptors could mobilize eCBs in response to synaptically 
352
Wilcoxon signed rank, Figure 5E ). This is consistent with kainate receptors being preferentially 353 activated by these synaptic trains, however it is possible that mGluRs, localized at these 
380
In the current work, we tested the consequence of acute activation of kainate receptors on 
405
In this study, we found that a low concentration of KA that does not cause large changes in the 
14
We also found that mice lacking GluK2 receptors in dSPNs (D1 
550
Representative EPSCs from a single experiment of the 1 st and 5 th train in D1cre;Grik2f/f mice.
551
Calibration 50 pA, 25 ms. 558 559
